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by diacylglycerol is due to the formation of 
phosphatidic acid. In contrast, no increase of 
4sCa2+ could be detected upon platelet stimulation 
with PMA [18]. 
Based on these different results concerning the 
[Ca’+]i increase upon platelet stimulation with 
various PKC activators, we reexamined the ques- 
tion as to whether an increase in [Ca’+]t after 
platelet stimulation with OAG and DOG could be 
observed using the intracellular fluorescent probe 
quin2. We were able to show that OAG and DOG 
when added to gel-filtered human plates caused a 
concentration-dependent rise of [Ca2’], whereas 
no effect could be observed with PMA. 
2. MATERIALS AND METHODS 
Quin2 acetoxymethyl ester (quin2-AM), OAG, 
PMA, thrombin and forskolin were purchased 
from Sigma (Munchen), DOG was synthesised in 
the Department of Chemical Research, Godecke 
(Freiburg). Sepharose Cl-2B was from Pharmacia 
(Freiburg). All other chemicals used were of 
analytical grade and obtained from commercial 
sources. 
2.1. Quin2 measurement 
Intracellular free calcium concentrations in 
human platelets were determined using the fluores- 
cent indicator quin2 as described by Tsien et al. 
]191. 
Citrated blood was obtained from healthy 
volunteers by venous puncture and immediately 
centrifuged at 60 x g for 15 min to obtain platelet- 
rich plasma. The platelet-rich plasma was in- 
cubated with 20 ,uM quin2-AM [20] for 30 min at 
37°C. Subsequently the quin2-loaded platelets 
were further purified as described by Tangen et al. 
[21] using a Sepharose Cl-2B column equilibrated 
at room temperature with 15 mM Tris-HCl buffer 
(pH 7.4) containing 150 mM NaCl, 5.5 mM 
glucose and 0.2% bovine serum albumin. After 
pooling the peak fractions, the platelet concentra- 
tion was determined using a Coulter counter 
(Coulter Electronics, Krefeld, FRG). The final 
platelet concentration was adjusted to 200000 
platelets/pi. The quin2-loaded platelets were sup- 
plemented with 0.7 mM Ca2+ for 15 min at room 
temperature. Drugs were added to the stirred 
platelet suspension followed by fluorescence re- 
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Fig.1. Stimulus-dependent increase in [Ca”], in gel- 
filtered human platelets. Original traces of a represen- 
tative experiment are presented. Detailed experimental 
conditions are described in section 2. 
cording with a spectrofluorimeter (Perkin-Elmer 
MPF-2A). DMSO at a final concentration of 1% 
was used as vehicle, which by itself did not effect 
quin2-detectable [Ca”],. 
In order to calculate the intracellular free 
calcium concentration, loaded platelets were lysed 
at 37°C with 0.02% Triton X-100; maximal 
fluorescence was measured after adding 3 mM 
CaCl2, minimal fluorescence after adding 10 mM 
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Fig.2. Increase of [Ca*‘], induced by various concentra- 
tions of OAG and DOG. Values are expressed as means 
k SE of n = 40 (basal), n = 5 (OAG) and n = 5 (DOG) 
individual experiments. 
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Table 1 
Effect of EGTA on basal and diacylglycerol-induced rise of [Ca”], in gel-filtered human platelets 
Stimulus (Ca”l, @MI n 
At 0.7 mM Ca’+ At 3 mM EGTA 
None 91* 2 76* 5 40/11 
OAG (lo-’ M) 983 -t 17 319 * 39 5 
DOG (10m4 M) 401-t 7 257 k 23 5 
3 mM EGTA was added to gel-filtered, quin2-loaded platelets 2 min before stimulation with OAG or 
DOG. Data are means -t SE of the indicated number of individual experiments 
EGTA and raising the pH to 8.3. Calibration of in- 
tracellular fluorescence as a function of [Ca”], 
was performed as in [19,22]. 
3. RESULTS 
Using the quin2 method, the resting level of 
[Ca”]i in unstimulated gel-filtered human platelets 
was determined to be 91 f 6 nM (n=40). As 
shown in fig. 1, the addition of OAG ( 10m4 M) and 
DOG (10e4 M) resulted in a rapid increase in 
[Ca”], within 30 s. This rise in [Ca’], was transient 
and decreased within a few minutes (not shown). 
In contrast, we could not detect an increase of 
[Ca’+]i when platelets were stimulated with PMA. 
Forskolin OAG 
(2xlO+M) (10%) 
Even at concentrations as high as lo-’ M, PMA 
did not alter the resting calcium level as indicated 
by the unchanged quin2 fluoresence (fig.1). For 
comparison the effect of the physiological stimulus 
thrombin on intracellular free Ca2+ is also shown 
in fig. 1. As depicted in fig.2 the rise of [Ca2’], in 
response to OAG and DOG stimulation is 
concentration-dependent. It should be noted that 
OAG is slightly more effective than DOG. 
In the presence of 3 mM EGTA, OAG and DOG 
were still able to cause an increase in [Ca”], (table 
1). This indicates that an internally releasable 
calcium pool contributes to the rise of [Ca”],. 
To characterize further the observed Ca2+ in- 
crease we investigated the effects of forskolin on 
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(lOeLM) (2x10-‘M) [ca2’]i 
‘I ‘min ;I nM 
Thrombin 
(0.5 U/ml) 
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Fig.3. Effect of forskolin on the OAG-induced rise of [Ca’+l, (upper panel). For comparison, the effect of forskolin 
on the thrombin-induced increase in [Ca”], is shown in the lower panel. 
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the OAG-induced rise of [Ca”],. The amplitude or 
time course of the Ca2+ signal was changed by 
neither preincubation with forskolin nor addition 
at maximal [Ca2+]i (fig.3, upper panel). This con- 
trasts with the well-documented inhibitory effect 
of forskolin on the thrombin-induced rise of 
[Ca2+]i ([23-251 and fig.3, lower panel). 
4. DISCUSSION 
Synthetic diacylglycerols like OAG, as well as 
phorbol esters such as PMA, have been reported to 
induce platelet aggregation without a concomitant 
rise of [Ca2’], when quin2 fluorescence is used to 
probe for free cytoplasmic Ca2+ [3,9,17]. This led 
to the assumption that OAG, DOG and PMA were 
able to induce this response at resting [Ca’+]i and 
that the synergistic activation by diacylglycerol and 
Ca2+ is not a conditio sine qua non for platelet ag- 
gregation. However, in two recent publications us- 
ing different techniques data were presented which 
indicated a rise of [Ca’+]i upon platelet stimulation 
with OAG. In one case, aequorin was loaded into 
platelets and subsequent addition of OAG caused 
a considerable increase of luminescence [ 171. The 
authors of the second paper used saponin- 
permeabilized platelets loaded with 45Ca2+. They 
were able to show that OAG caused a release of 
45Ca2+ presumably from the dense-tubular system 
[18]. These data suggest that the negative results 
obtained with the quin2 method could have been 
due to inappropriate experimental conditions. 
We therefore decided to reexamine the effects of 
OAG, DOG and PMA on free Ca2+ levels in gel- 
filtered human platelets by using the quin2 
method. We were able to demonstrate that both 
OAG and DOG could induce an increase in 
[Ca’+]i. This increase was concentration- 
dependent and corresponds to those results ob- 
tained with aequorin and 45Ca2+ [17,181. Consider- 
ing the results obtained with the 45Ca2+ method by 
Brass and Laposata [18], it is likely that the rise of 
[Ca’+]i as dectected with the quin2 method is not 
due to a direct effect of OAG but, rather, implies 
the conversion of OAG to OAG-phosphate. This 
phosphatidic acid in turn releases Ca2+ from in- 
tracellular compartments. This view is supported 
by the observation that in HL-60 cells the addition 
of synthetic diacylglycerols causes a decrease of 
cellular ATP [27]. 
It is well documented in the literature that for- 
skolin, by increasing the cellular CAMP concentra- 
tion, impairs the thrombin-induced rise of free 
cytoplasmic Ca2’ [23,25,26]. In contrast to these 
observations, we could not detect an effect of for- 
skolin on the OAG-stimulated increase in [Ca’+]i. 
This indicates that the underlying mechanisms 
which control the thrombin- and OAG-dependent 
increase in [Ca’+]i are different. 
In agreement with data reported using the 
4sCa2+ method [ 181, we were not able to induce an 
increase in quin2 fluorescence with the phorbol 
ester PMA. This contrasts with the results ob- 
tained with aequorin which demonstrate a con- 
centration-dependent increase of [Ca2+]i by PMA 
[ 171. The reason for this discrepancy is not 
understood at present and awaits further investiga- 
tion. 
From our data obtained with OAG and DOG 
one may conclude that stimulation of platelet ag- 
gregation by these synthetic diacylglycerols might 
not be due to the activation of the PKC alone but 
might also include a rise of free cytoplasmic Ca2+ 
concentration. However, a comparison of the 
concentration-response curves for OAG-induced 
platelet aggregation and the OAG-stimulated rise 
of [Ca’+]i demonstrates that maximal platelet ag- 
gregation can be obtained at OAG concentrations 
(3 x IO-’ M) at which only a slight increase in free 
cytoplasmic Ca2+ was observed (Schichtele et al., 
in preparation). When added at higher concentra- 
tions, OAG induced both maximal aggregation 
and increase in [Ca2’],. 
Thus, in agreement with data obtained with the 
45~~2~ and aequorin methods [17,18], we were 
able to demonstrate a quin2-detectable rise of 
[Ca2+]r induced by the synthetic diacylglycerols 
OAG and DOG. The contrasting results obtained 
by others [3,9,10] might be explained by the fact 
that they did not use gel-filtered platelets. 
However, other differences in experimental pro- 
cedure may also contribute to these discrepancies. 
The physiological relevance of the OAG- 
mediated rise of [Ca’+], at least with respect to 
platelet aggregation awaits further clarification. 
However, our data indicate that the effects ob- 
served with synthetic diacylglycerols when used as 
experimental tools might not always be due to the 
selective activation of PKC but could also include 
26 
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processes depending on the increase in free in- 
tracellular Ca*+. 
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